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FOREWORD 

The In-Flight Maintenance ( IFM)  Concept is  
directed a t  the establishment of the basic philosophy 
of the Apollo in-flight maintenance program. 

It has been developed to furnish guidelines for  the 
Apollo P rogram and provides a firm basis for continued 
activity in the maintenance a rea .  
of in-flight maintenance descr ibed in  this report  may 
be applied to the lunar excursion module; however, 
concurrent with the development of the LEM program,  
interface coordination must  be continued with the 
associate  contractor to ifisvre the effectiveness of the 
over -all spacec raft /IFM concept . 

The general  concept 
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I. 

INTRODUCTION 

The inclusion of the three man crew on the Apollo allows for the 
provisioning of a maintenance capability. 
provide a maximum maintenance capability with the realization that equipment 
reliability indicates minimum activity in this a rea .  All aspects  of mainte- 
nance and maintenance support a r e  considered to a s su re  the meeting of the 
IFM goals. These goals a r e  defined a s  the development of a program that 
will most  completely augment reliability, i. e .  , enhance the probability of 
mission success  and crew safety. Studies which consider this augmented 
reliability versus  the weight penalty imposed a r e  being continuously conducted. 
Systems criticality is the primary factor in determining the extent of main-  
tenance support to be provided for each system. 
through increased maintenance capability, is mandatory for those systems 
deemed most  cri t ical  and may dictate the trade-off of maintenance support 
f rom those systems determined to be less  cri t ical .  

The Apollo ( I F M )  Program will 

An optimum reliability, 

This document outlines those maintenance dctivitie s that may be 
required during a typical Apollo spacecraft  flight. 
phase as it affects maintenance and identifies the constraints imposed by the 
mission mode. , 

It considers each mission 

The maintenance functions a r e  defined a s  inspection, adjustment, 
verification, servicing, fault isolation, replacement, and repair .  

The maintenance support i tems required to accomplish effectively 
the maintenance tasks a r e  listed. 

A logic diagram and written description to illustrate the information, 
decision, and action aspects o f  the IE'M prograiii arc. provided. 
conceptual approach will be utilized by the spacecraft crew in accoriiplishing 
IFM. 

This 

The pr imary means of in~plementing the in-flight maintenance capa- 
bility is the in-flight tes t  system, displays, spares ,  tools, technical data, 
training, and mater ia ls .  This will support the crew member in thc control 
position to make a maintenance rr1atc.d clc.cision and take appropriate acttun. 
The pr imary system will furnish an inclcpendent detection and fault isolation 
capability to the spacecraft  crew. 

GOSS will be considered a s  a back-up o r  auxiliary systcrn. It will 
have the capability of supporting the spacecraft C I ' C ~ W  in the determination 
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of a maintenance decision o r  supporting a maintenance action. It will a lso 
furnish ground intelligence by making recommendations to the spacecraft-  
commander pertinent to the mission decision. 

- L -  
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I, MISS1 ON CONS1 DERATl ONS 

INITIAL THRUST 

The need to perform maintenance may a r i se  at any point during the 
Apollo mission. However, the particular mission phase, because of work 
load, crew availability, o r  environmental conditions, may severe ly  limit 
normal maintenance activities. 
equipment will be during the initial thrust .  
maintenance activity by the crew, the spacecraf t  will be subjected to 
a high-g loading. During this phase, the crew safety sys tem will be in 
control and will become the determining factor in making and supporting 
the mission decision, i. e. , primary, a l ternate ,  or abort .  

A cr i t ical  in-flight period on the Apollo 
In this period of minimum 

EARTH ORBIT 

During ear th  orbit and prior t o  the t ranslunar  injection phase, a 
relatively high crew .task loading can be anticipated. 
gational sightings and other activities preparatory to the t ranslunar  injection 
can in te r fe re  with and postpone the performance of maintenance due to 
simultaneous tasks  occurring in the same location within the C /M.  

Continuation of navi- 

0 
Crew loading during this phase will be significantly influenced by the 

sys tem verification capability provided. 
ear th  orbit, an effective verification sys tem will provide a maintenance 
capability that may be the deciding factor between the continuation of the 
mission and mission abort. 

During the limited period of 

TRANSLUNAR AND TRANSEARTH 

The t ranslunar  and t ransear th  coast periods provide the greatest  
opportunities for maintenance. 
and pr ior  to lunar orbit injection, crew task loading will be relatively 
small .  
ea r th  reentry.  

Subsequent to the transposition of the LEM, 

The same will apply from the t ransear th  injection until pr ior  to 

LUNAR ORBIT 

The ent i re  lunar orbit  phase is considered a peak load period. The 
division of the crew during lunar exploration imposes a very  significant 
constraint  upon maintenance. 
mand module during this time will be  a function of absolute necessity 

Any maintenance activity aboard the corn - 

a 
- 3 -  
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and may require the trade-off of other scheduled functions, such as those 
associated with guidance and control and communication. 

The t ime periods prior to LEM separation, and after rendezvous, 
will be fu.lly occupied with various sys tem checks, scientific observation 
and scheduled tasks.  
may also dictate a requirement to trade-off other type tasks.  

The necessity for  maintenance during these periods 

EARTH REENTRY 

The Earth reentry phase, like the ascent phase, will be a period of 
relatively l imited maintenance. 

- 4 -  
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I I. CONSTRAINTS 

WEIGHT 

' 0  

Weight is the most  significant constraint on the Apollo in-flight 
maintenance program. 
on equipment design and a direct effect by limiting the quantity of on-board 
spa res  and other facilities of maintenance. 

It has  an indirect  effect by imposing res t r ic t ions  

MISSION PHASE 

During thrust  per iods,  crew members  will be res t ra ined  to their  
couches,  which w i h  limit maintenance to those functions that can be 
accomplished by manual switching consistent with existing g forces .  

Since there is no established requirement for extravehicular activity 
for the Apollo in-flight mission, no analysis of crew activit ies related to  this 
requirement is being conducted a t  this t ime. 

During the period of lunar orbi t  and exploration, maintenance 
capability will be rest r ic ted by crew nonavailability. 

CREW CONSTRAINTS 

Crew constraints can be generally divided into seve ra l  categories - 
those imposed by the adverse environment, those imposed by the hardware 
design, crew equipment and accessories ,  and those imposed by psychophys- 
iological load capabilities. 

EQUIPMENT ACCESSIBILITY 

Physical placement of equipment within the command and service 
module will a lso limit, and m a y  preclude, maintenance on some equipment. 
P r i m e  consideration shall  be given to the priority placement of cr i t ical  
equipment to  ensure that an optimum maintenance capability is provided. 

- 5 -  
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Ill. MAINTENANCE FUNCTIONS 

MAINTENANCE REQUIREMENTS 

Maintenance can a r i s e  from three basic causes:  equipment failure,  
predictable degradation, and accidental damage. To predict  accurately 
accidental damage to equipment is difficult; however, some equipment, 
because of precise  design tolerances o r  physical placement within the space- 
craft ,  may be considered more  accident prone than other equipment. The 
probability of accidental damage will be considered in the over-all  proba- 
bility of failure determination. 

MAINTENANCE CATEGORIES 

Maintenance i s  separated into two categories, scheduled andcorrective.  
Scheduled maintenance i s  performed at designated t imes,  according to 
specific instructions, to maintain equipment and facil i t ies in a satisfactory 
operating condition. Corrective maintenance i s  performed when equipment 
performance becomes unsatisfactory. Scheduled maintenance will be per-  
formed on equipment known to degrade a s  a result  of t ime o r  usage, whereas 
corrective maintenance will be performed at unpredictable intervals a s  a 
function of necessity, 

0 

MAINTENANCE ACTIVITIES 

Any maintenance activity required a s  a result  of scheduled o r  cor-  
rective maintenance will be some combination of the following actions: 
fault isolation, replacement, repair ,  adjustment, servicing, calibration, 
verification, o r  inspection. Certain maintenance actions will be the result  
of scheduled verification and inspection; however, all maintenance activity 
will be concluded with verification and inspection to  a s su re  that equipment 
i s  operational and safe for continued operation. 

MALFUNCTION DETECTION AND ISOLATION 

Malfunction isolation and verification will be accomplished through 
the utilization of both an on-board capability and GOSS. 
te lemetry system, GOSS will monitor various points within the spacecraft  
systems.  
a l so  the ability to sense an impending malfunction. This is  accomplished 
by the continuous monitoring of system signals and by sensing a degrading 
signal before it goes beyond the allowable operating parameters .  

Using the 

This not only provides a malfunction detection capability but 

0 
- 6 -  
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The crew wi l l  continuously monitor the display panels for g ross  sys- 

The utilization of the test-point panel and the 
t em in-limits , out-of-limits indications. 
crew to the test-point panel. 
on-board technical data will isolate malfunctions to the level of one to three  
plug-in assemblies .  
provided by the capability of telemetering the test-point signals to GOSS. 
The composite system furnishes a maximized malfunction detection and 
isolation capability. It a l so  provides a limited t ransfer  capability during 
periods of peak crew loading when maintenance efforts w i l l  be limited. 

An out-of-limits signal d i rec ts  the 

GOSS backup to the on-board checkout sys tem is 

Fault detection and isolation utilizing the displays, IFTS, and GOSS 
have been discussed. 
capability is provided. 
sensory means.  
ground operations for analysis. 
in turn,  be t ransmit ted to the spacecraft c rew for  appropriate action. 

However, situations may a r i se  for which no detection 
Such conditions may be detected by the crew through 

Ground analyses and recommendations will, 
These conditions can be t ransmit ted through GOSS to 

REPAIR FUNCTION 

It can be generally stated that the majority of correct ive maintenance 
will be directed at the electronics sys tems,  
cases ,  be l imited to the isolation of malfunctions and the replacement of 
replaceable units. The limitation of maintenance to  replaceable units does 
not preclude the possibility of crew discretion-type fixes where damage o r  
malfunction causes a r e  readily discernible. 

This maintenance will, in most 

0 

The repair  function will also include the adjustments required to 
r e tu rn  a system to normal operation. 

- 7 -  
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IV. MAINTENANCE SUPPORT 

SPARES 

The spares  determination poses one of the most  stringent analytical 
requirements of the Apollo Program. The identification of on-board spa res  
will be predicated on system crit icali ty,  probability of failure, and weight 
restriction. 
and repairable. 

Spares will only be provided for those i tems that a r e  accessible 

TOOLS 

The selection of the in-flight maintenance tools will be based upon 
their  capability to effectively accomplish the required task. The possibility 
of providing a dual purpose capability and minimizing redundancy also influ- 
ences the selection of this equipment. Other tool and equipment considera- 
tions a re :  

1. 
2. 
3.  
4. 
5. 
6.  
7. 
8. 
9. 

Minimum weight 
Compatibility with space suit  
Operability in  a weightless environment to 1 -g environment 
Operability in a low-pressure ambient environment 
Operability in an  extreme temperature  environment 
Accommodation for  carrying in  an  in-flight maintenance vest  
Ready accessibility 
Efficient psychomotor utilization 
Operability in  a 100 percent oxygen environment 

TECHNICAL DATA 

Technical data in support of the maintenance functions will be provided 
in  a comprehensive and compact form. 
t e s t  system and provide data relevant to the on-board maintenance capability. 

It will be aligned to the in-flight 

EQUIPMENT 

The equipment to support maintenance consists of the in-flight test 
sys t em (pr imary)  and GOSS (auxiliary). 
of these systems is found in the first two paragraphs of Fault Isolation and 
Verification. 

A general  description of the functions 

- 8 -  
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MATERIAL 

The mater ia l  required i n  support of maintenance will be identified 
when equipment servicing and r e p a i r  requirements a r e  clearly defined. 

TRAINING 

To implement in-flight maintenance effectively, a comprehensive crew 
training program will be established and conducted. Training will emcom- 
p a s s  these a reas :  detection of system degradation, recognition of marginal 
conditions for a particular mission phase, failure analyses, decision 
factors for corrective action, corrective action procedures, periodic s e r v -  
icing, and systems management. 
systems,  mission simulators,  and a part-task t ra iner  will be utilized to 
ins ur e p r ofi ciency . 

Formal  training together with the use of 

- 9 -  
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V. MAINTENANCE EVENTS LOGIC 

A general logic to cover all possible in-flight maintenance situations 
a,nd conditions is presented in Figure 1. An examination of this logic reveals 
that along a l l  the many possible branch paths, the three-s tep pattern of 
information to crew, decision .by crew, and action by crew, repeats itself. 

LOG1 C EXPLANATION 

The following is a step-by-step explanation of the logic shown in  
The explanations a r e  keyed to the diagram by the reference Figure 1 .  

numbers following each heading. 
Decision" a t  the bottom of the logic diagram. It is this mission decision 
point to which all the other steps lead. Ideally, the decision will be to 
remain in  the "Pr imary  Mission" mode until the mission is completed. If 
a fai lure  occurs,  a sequence of in-flight maintenance events is initiated that 
will ultimately lead back to the mission decision. If other failures occur, 
the cycle repeats itself along one of the branch paths, always leading back 
to the mission decision point. 

The explanation begins with the "Mission 

0 
Mission Decision (A).  The crew is, in  effect, continuously 
making the mission decision. 
the three possible mission actions: continuing the pr imary  
mission, substituting an alternate mission, o r  initiating an 
abort  procedure. 
to continue in  the present  action status. 

This decision results in  one of 

Taking no action i s  equivalent to deciding 

P r i m a r v  Mission (B). This is the normal condition of 
the spacecraft  and crew in which both a r e  functioning satisfac- 
torily for continuance of the pr imary  mission. 

Alternate Mission ( C ) .  
spacecraf t  and/or  crew in which one o r  both a r e  not functioning 
satisfactorily for the continuance of the pr imary  mission, 
requiring that an alternate mission be chosen. 
such a situation would be  the substitution of a circumlunar 
mission for  a lunar landing mission, o r  the substitution of 
an  ear th  orbital mission for a circumlunar mission. 

This is a degraded condition of 

Examples of 

Abort Mission (D). 
of the spacecraft  and/or  crew in which the performance of 
one o r  both has been reduced to the point that the only con- 
sideration i s  the safe return of the crew. At many points, 

This is  a fur ther  degraded condition 
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the abort  mission wi l l  be the same as an  alternate mission, 
i. e . ,  during the la t ter  portions of the t ranslunar  coast  phase, 
the shortest  way back to earth is to continue around the moon 
on the circumlunar route. 

Occurrence of Fa i lure  (E). 
a failure may occur. In the event it does, a sequence of IFM 
events is initiated. Normally, this sequence follows a three-  
step pattern in which, first,  there  is a presentation of information 
to the crew concerning the failure and the existing conditions under 
which it occurred;  second, a decision by the crew as to what should 
be done; and third, an  action by the crew appropriate to the decision. 

At any t ime during the mission 

Indication (F). 
nature that they will be sensed directly by the crew, i. e. , 
a f i re ,  the bursting of a pressure  vessel  in the command 
module, etc. Other abnormalities will be indicated to the crew 
by an instrumented display to insure their  timely sensing. 

Some situations which may occur a r e  of such 

Cri t ical  Component (G). 
or failure has  .occurred, the crew must decide, considering 
the conditions that exist  a t  the t ime, the degree of criticality. 
If the malfunction or failure is considered to be noncritical, 
the crew may switch to an alternate mode. If the alternate 
mode is not available, the crew will proceed directly to the 
mission decision where it must be decided i f  this failure has 
caused a ser ious enough degradation to require  the selection 
of an alternate o r  abort  mission. 
to be cri t ical ,  the crew may again switch to an  al ternate  o r  
redundant mode, i f  this is desirable,  and proceed with an 
appropriate in-flight maintenance action, 

Upon indications that a malfunction 

Lf the failure is considered 

Alternate Mode (H). In some cases  there  will be alternate 
modes available for  noncritical components as an indirect  
resul t  of the redundant and al ternate  modes provided for the 
cri t ical  components. 

Redundant o r  Alternate Mode (J). Depending upon the 
existing conditions and the type of failure involved, it may be 
necessary  to switch to a redundant or al ternate  mode. 
action may be automatic i n  which case  i t  is  merely confirmed 
by the crew before proceeding, 

This 

IFM Procedures  and Technical Data (K).  
correct ive procedures and technical data shall  be utilized 

In-flight maintenance 

- 11 - 
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by the crew as an aid in making decisions and will outline 
necessary  steps required in the performance of a given 
maintenance task. 

Mkintenance Possibil i ty Decision (L). Having decided 
that the failure is of a critical nature,  the crew must decide, 
again considering the conditions existing a t  the t ime, the 
possibility and practicality of initiating a maintenance procedure. 
If it is  decided that it is not possible or  pract ical  to attempt in- 
flight maintenance, the crew must again make the mission 
decision a s  to whether this failure has  caused a degradation 
ser ious enough to require  the substitution of an alternate mission 
o r  an  abort  procedure,  If maintenance appears  possible, the 
following sequence of events (2.  7. 12 to 2. 7. 19) is  executed. 

Spares  Stock (M). 
in making decisions will be information as to the stock of 
spa res  on hand, 

Available at  all t imes to aid the crew 

Spares  Availability (N). 
spa res  on hand, i f  any, the system involved, and the ra te  of 
spa res  usage, the crew must make a decision as to whether 
to initiate a component replacement action o r  a component 
repa i r  action. 

Based upon the number of 

Replace (0). If it is decided to make a component 
replacement, a spare  is taken f rom the stock and installed 
in accordance with the in-flight maintenance procedures and 
technical data. 

Repair (P). 
available or  it is otherwise desirable  to attempt the repa i r  
of a component, this action may be initiated in accordance 
with the in-flight maintenance procedures  and technical data. 

If af ter  determining that no spa res  a r e  

Verification (a). Upon completion of the replacement 
o r  repa i r  action, there  must be a verification to establish 
that the fai lure  has actually been eliminated. 

Successful Replacement or Repair (R). 
o r  repa i r  operation was successful, then the crew may take 
s teps  to re turn  to  the pr imary mode. 
successful,  the situation returns to the point of deciding that 
the failed component is critical and proceeding again from there. 

If the replacement 

If the operation was not 

- 12 - 
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P r i m a r y  Mode (S). 
the replacement or  repair  operations, i t  wi l l  normally be 
desirable to re turn  to the pr imary  mode. 

After having successfully completed 

Monitoring (T).  
in-flight maintenance operation, the crew will re turn  to the 

After having successfully completed an  

normal  condition of monitoring displays and making a mission 
decision. 

APPLICATION O F  MAINTENANCE EVENTS LOGIC 

This event logic provides a feasible framework upon which the details 
of an IFM plan may be organized. Fo r  each information-to-crew event, it  
is necessary  to analyze and evaluate the methods by which the information 
was conveyed to  the crew. Similarly, for each decision-by-crew event, a 
set  of c r i te r ia  must be established. Finally, for each possible action-by- 
c rew event, procedures and technical data must be provided. Such details 
must be developed for each failure that has  a significant probability of 
occurrence as determined by systems analysis.  

- 13 - 
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VI. CONCLUSION 

This document establishes the requirements for an effective in-flight 
maintenance program. 
categories insofar a s  the s ta te  of equipment design will allow. 

It defines the maintenance functions and support 

The maintenance function, i r respect ive of where it i s  accomplished, 
is of necessity the same.  
environmental conditions under which the maintenance is performed. 

The basic difference i s  in the constraints and 

The in-flight maintenance program will be predicated on an  ability to 
minimize the effects of constraints and environmental conditions and on 
the logical design of equipment maintainability within these conditions. 

It will further depend on a n  ability to predict analytically the proba- 
bility of failure and the provisioning of redundancies, spares ,  and mater ia l  
in support of the required maintenance actions. 

The end product will be the sum of the knowledge and efforts of all 
the sciences in the provisioning of a complete and workable in-flight 
maintenance program. 
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GLOSSARY 

ADJUSTMENT 

FAILURE 

FAULT ISOLATION 

IN- FLIGHT 
MAINTENANCE 

0 

INSPECTION 

MAINTENANCE 

PREDICTABLE 
DEGRADATION 

REPAIR 

A means by which p a r t s ,  as of a machine o r  device, 
a r e  adjusted to  one another, pr imari ly  to  attain a n  
operating standard peculiar to the unit in use and 
governed to  some degree by associated equipment. 

A failure is  an  occurrence,  either catastrophic o r  
gradual deterioration, which causes  the perform- 
ance of the equipment to deviate f rom specified 
l imits,  as detailed in the equipment specifications. 
It i s  a condition which requires  maintenance to 
re turn  the equipment to  satisfactory operation. 

The act  of isolating a defect or malfunction in a 
system o r  component by using a predetermined 
method, e. g . ,  switching, using tes t  points, o r  
replacing p a r t  for  p a r t .  

The use of available maintenance equipment, 
spares ,  and technical information, in accordance 
with procedures established in the In-Flight 
Maintenance P lan  to augment the probability of 
mission success  and maximize crew safety. 

The process of testing, measuring, examining, 
gaging, o r  otherwise comparing a product with 
the applicable requirements.  

All actions necessary  for the retaining of mater ia l  
in, o r  restoring it to, a serviceable condition. Its 
phases include servicing, repair ,  modification, 
modernization, overhaul, rebuild, test ,  reclamation, 
inspection, condition determination. 

The ability to  predict the degree or amount of 
degradation within a system o r  unit by mathematical 
calculations and/or  t ime proven tes t  resul ts .  

The restoration of a system/equipment to  a satis- 
factory operating condition af ter  malfunction, 
damage, or deterioration. 
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REPLACEMENT 

SERVICING 

VERIFICATION 

The substituting of one unit for another identical 
unit (i. e . ,  the substitution of a properly function- 
ing unit for a malfunctioning unit). 

Work car r ied  out at regular intervals,  o r  under a 
recognized system, to keep equipment operable. It 
includes cleaning , inspecting , lubricating, adjusting , 
charging, and changing fi l ters,  desiccators ,  etc. 

The process of substantiating the accuracy and 
completeness of an operation by actually performing 
an operational-test in accordance with the technical 
data. 
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